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(54) ORGANIC ELECTRIC HELD LIGHT-EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electric 
field light-emitting element having a long light-emitting life 
and a superior durability. 

SOLUTION: This element is comprised to pinch at least one 

layer of at least one kind to contain a compound expressed 

by a formula (1) between a pair of electrodes. In the formula, 

Arl to Ar4 each independently represents a substituted or /r^\ 

unsubstituted aryl group, and further, Ar1 and Ar2, and Ar3 ^ir>^/ 

and Ar4 may represent a nitrogen-containing heterocyclic r^V^^V^ Ar ^ 

along with a bonded nitrogen atom. However, at least one of a, **n4\& S ^w^n' * 

the Ar1 to Ar4 represents a substituted or unsubstituted ^ Ar a 

phenanthryl group. 
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CiW. Ar, -Ar, MZtiZtil&tfUC. ffi&ttctt 
*Sfe©7 'J-Jl'S^Rl/. § 6 it, Ar, £Ar 2 te 

A r a <Z>4>&< £> 1 <I«H&$/ctt*Hjft©7 
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Ar, -Ar 4 tt^ft^ftJfcfiK* B»*/c« 
*B»<D7U-;US*«U 3 Ar, iAr. *J 
<fc£>'Ar 3 iAr 4 ttJB^Lr^SgSUSHPiftKSS 
M^MUtl^Wl^^t (fflU Ar, - 
Ar 4 G>4>&< <bfclffl«aft*/c«*Bft©7*^> 

[»*ffl2 ] HRS ( 1 ) r«3tiS{t^ft*^*T 

i»#S3 ] hrs ( i ) r^stisft^ftsawr 

[0 0 0 1 ]' 30 
[0 0 0 2 ] 

t»EL3m tfWIISSftfc CAppl. Phvs. Lett., 51 » 

913 (1387)] . wa«i9***T-«. s#tt*«wb£» 40 

S3R^r*S. #»«H«*3R^«, »VMS+VgK 

©fi*<Dffi«E"C. «##pJttr**h 

tl ^fi. Wfe. <D#fe*#^r*6. COcfc5 



[0 00 3 ] IE?LffiAf8«WI4ibr, 4, 4' -t'X 
[N-^x^ju-n- (3" 
y] tr7*^;l/*ffll^C4^ffi*Snri^ [3pn. 

3. AppT. Phys. t _27_, L269 (1988) J . * fc, IE?Lii 
Attaitttt&l/t, Witt, 2, (4' - 

(n. N-yry-^rs^) 7^jh -3, 4-y 
7x.~)i?*y*>mm& 2, 5-trx 

(4' -[ N-7xx;l/-N- (2" 

7^il/) -3, 4-^x^t7x> l 2, 
5-tTX (4' - [ N-7^il/-N- (4" -7x^ 
;U7x~;l>) 7;/] 7*~JlO - 3 , 

0- 1 2 5468^fi«). bfrbUWh, CtibOM 
[0 0 0 4] 
[0 0 0 5] 

CcMo/Co f&t>5, *fMBtt, 

®-»©«SIH«C, TIE— MS ( 1 ) t?«3tiS<b^* 

( 1 ) rflSttSft£4»££«T*JS#. IE?L 

( i ) rashaft^isw-r**^ 
®-*kd»shcc, sew:, m^aAfn^n^w-r^fj 

Hb2] 



cat*, Ar, -Ar 4 ^ft^nao^c, Hft*fctt 

*ift0r'J-^I«r*l, 3^CC, Ar, iAr 2 fc 
Ar 4 ©iJ>ft< ife lHtttt*ktt*ift©7xt> 
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[0 00 6] 
[ft3] ' 



A r , -Ar 4 tt**l*n*tfiUC, BJft*fc« 
*fift<D7 y~;US43lU S6«C, Ar, iAr,fc 
<fcC/Ar a <hAr 4 d^MUR* 
*a«R*JB«LT:^rt)J:^**r (fib, Ar,- 
A r 4 <D4>&< it 1 ffl«aBft*fcB*IB»©7 x^> 
h yjU«*»T) J 

[ 0 0 0 7 ] ( 1 ) CCte^T, A r i r 4 « 

B£* fctt*Btfe©7 y -;uS£irf „ r y -Mt 
<htt v WAtf, 7x^H t 7>hy;i> 

[ 0 0 0 8 ] A r i ^ A r * if * 0 < *BJft. 
fcO<tt, B»Sil>T\ 7^ 

cfc*)ihFSU<«. *B8l «>L<tt. B&Si 

6-i o©7y-^ar*jBft*te«*B*3nr^r 

6«c«F*l/<«, *BJft, fcL<«. B&SiOT, M 
^ay>gf BeR»1^4©TJl/%il4l, gJ* 
ttl-4<0rJU3*S/», *4UiftSR»6-l 0CD7 
y - ;l/g-C#B»* Z t » «*Bfc 3 tit (, >T t J: l >ttR 
*»6- 1 6^WMKlt'*^ a flU Ar, 
-Ar 4 ©d>«C< it HittBJft*/c«*BJft©7*^ 
>r-';d>**«U <fc*3W*b<B, Bft£fc«*B«l 
co 1 - 7xt>h'J^l, *4l>ttB»*fctt*fi»<D 
9 -7xt> h y;uS*3lT. 
[0 0 0 9 ] Ar, -Ar 4 (7)*WJi ItlJ, 01:1 
tf. 7xXjUg, 1-^7?JUS, 2~^7^Ug. 2 
-7>HJ;HS, 9-7>h'j;l'S, l-7xt>h'J 
JUS, 2-7xt>h'J;H, 3 -7x*> h 'jJl/*, 

3-ey^us. 2-ty^;uS t 3-7y;ug, 



(3) #182 0 0 3 - 3 6 9 7 8 

2 - 7 y )im, 3-*x~;US, 2-^xx;Ug. 2- 

v*))im. 2 — oy^yji* z-^yvj * # 

8. 2-^^7x^H, 4 -X5HU7 xXJbS/ 3 

-x^;l>7 xxjug, 2 -x^;b7xxjug, 4-n- 

7*Pb\a/7xX;l/g, 4 - V 7'Pt'Jl/7 xXJl/g, 2 

V7'DfJl/7x^>iH 4 4 - n -7^JU7xXJU 
g v 4 - ^7 7^1/7 xXJlg. 4 -sec -7?)lyx 
10 x;Ug. 2 -sec - ^Jl^ x x;Ug. 4-tert-^^ 
;U7xx;bg, 3 ~ten-^^)ly x^)l&, 2-tert 
-7?)ly *.~)im, 4 - n -^>^;U7 xx;yg v 4 

->f V^>^;U7 xXJUS, 2-^t^>^ib7*^b 
1, 4 - tert-^>^Jl/7 x-iH, 4 - n -^^^Jl/ 
7xx;ug, 4- (2' 7x^.jH, 
4-n-^7^Jb7x^;H, 4-n~t^Jl/7i^ 
n.g, 4- (2' -x?\fl^*S/Ji/) 7x^iH x 4- 
tert-^^Jl^ xx;Ug, 4 - n -f^^xxjl/ 
I, 4 - n - Kf^J^xX^S. 4-n-rh7r> 

20 Jl/7xX;l<g % 4-^^P / <>f^7x-iH 1 4-^> 
^P^^Jl/7x^Jl/I, 4- (4* ->*-Jl>V*P^ 
+ ^>;U) 7xXjUg > 4- (4' -tert-T^U^P 
7xx;i,g v 3 - istv^isJlV 
2 - V^P-^+^^7 x^Jl/Sv 4 - x*\)U- ] - 
^7^;Ug, 6 -n -7?)l-2 -*y?)l>m, 2. 4 
-y^Wx^iH, 2. 5-^W7x^;H 4 
3, 4-^5 L Jl'7x^H 1 3. 5 ^Jb7 *x 
>l&, 2, 6-y^f^7x^;H, 2, 4-^x^jU 
7xxjL,S, 2, 3, B-h'i^Wx^H, 2, 

30 3, 6- h >;^^;U7xx;US, 3. 4. 

il/7x^JH, 2, 6 -^x^jU^xXjbS, 2, 5- 

!;^77 , Pt , ji/7x^;H, 2, 6-> ; >fy^?^7x 

• x;Ug, 2, 4-^-tert-7'^;l/7xx;US > 2, 5 
- v-tert-^^-^7 xx;l/S, 4, 
^jl/-2-^f^7x^-;H, 5-tert-^^U-2- 
^^^7x^H, 4 -tert-y^;U-2, 6-^^^ 
jV7xx;VS v 3-^W-l-7xt>h'J^I, 5 
-^^JU-l-7x^>h 'J JUS. 6 -tert-7>;U- 

i-7xt>PJJH, 6 -y^Ji/- 2 -y x^> h y 

40 l-^f;l/-9-7j:t>hU;!/I, 8->^^ 

-9-7xt>h^H, 2 -^^JU-9 -7xt> h 
y^S, 2-x^;l/-9-7xt>PJ;H, 3-^ 
9 -7 x^>h y;US, 3-n-^H-9-7x 
^>hy;uS, 6-^^^-9 -7x^> h y^S, 1 
o-y^-^-9 -7 x^> h y;us, 2, 3-v^ju 

-9-7xt>h'JJH, 3, 6-y^^-9-7x 

^> h y;bS. 

[0010] 4-^K-y7x^;H, 3->h+^>7 
xXJl/S, 2 Ky7x^-JH ( 4-xKy7x 
50 x;Ug 4 3 -X h^y7x^H, 2~xh + v7xX 
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JUS, 4 - n -7*P#^>7xXjUS, 3-n-7*P# 
*>-7xXJUg, 4-^77'P^^^7i^.;H 4 2- 

<f7 7P#*^7 x~jUg, 4 - n - T'h*^ x^;U 
g % 4 - 77 h=^>7 x^JH, 2-sec-yh^^> 
7x^;Ug, 4*-n-^>^tt'>7x^iH 4 4- 
-<V^>^J^ + ^7x^JUS, 2 -^V^^JU** 
:>7x~;Ug, 4-^^>f^^^>^x^H, 2 

*>>7xx;Ug. 2- (2* -x>jU7*?-;U) tf*^? 
x^jUS, + 4-n 

-fyi^^^Vx^iH, 4 - n - Kf^JM"*^? 
xx;ug, 4-n-f h^f^t+^x^JH, 4 
-S/^D^*5/il/**^7 xXjUg, 2-5y£P^*v 
W+->7j:^;H, 2 1 -t7^JUg, 
4--* h + ^>- 1 -^7=HUg, 4-n-7>*^-l 
-:T7?-;Ug, 5-xh*iy- 1 -7"7^;Ug, 6-y 
h*J/-2-*7*Jl>», 6-xF + >>-2-t7^1/ 
S> 6-n -rfY*c%>-2 -:f7?7Ug, 6-n-^+ 
l/JU**S/-2 -^7?-JUg, 7-^b*:y-2-^7 
?-JUg % 7 -n-*/h^^>-2 -^-7^;US. 
[001 1] 2-^^;U-4-^ h + ^x^H, 2 
-^fJl/-5-^Ky7^^;H, 3-^^;U-4- 
^h+y7^^H, 3 -jt*)l- 5 K->7x^ 
;Ug, 3-x?)l-b-s h*f7xxjug, 2-^h 
+ V-4 -^JU7xX;Ug, 3-^h^>-4-^ 
;U7x^jUg, 2, 4 -i^ K^7a^)H, 2, 5 
-^y h^:>7 x^;Ug, 2, 6-^h^>7x^;U 
S, 3, 4-y^h+^7x^H, 3, 

3. 5 -S/'x H*^7xXjUg, 3, 5 
-5/-n -:/h*:>7x^;Ug, 2-^h*S/-4-x 

;ug, 3, 4, 5 - h h*v7xx;Ug, 
*i/-9 -7^t> h 'J;Ug, 2-^h^V-9-7x 
^>MJ;Ug, 3-^Ky~9-7xt>F'JiH, 
1 Q-jt ^y-9-7xt>l> tUUS, 3-^h^^ 
-7 -^;u- 9 -7x^.> h >;;us k 
[0012] 4-7^^.Jb7xx;H i 3-7x^Jl/7 
x^;Ug. 2-7x^;b7x^;H, 4- (4' -y^ 
jU7x~;U) 7xx;Ug t 4- (3' -^JU7x~ 
;U) 7x^Ug, 4 - (4' Ky7^JH 7x 
x;Ug, 4- (4' -n-^Ky7^Jl)7x^l/ 
g, 2- (2* -^^77x^1/) 7x^;Ug, 4- 
(4' -y^PP7x^;U) 7x~;Ug, 3-^^>»L/-4 
-7x^il/7i^H, 3 -A "7x^7 
x^JU®, 2- (4' -^^7x^) - 9-7it 
>M;^S. 3-7x^l/-9-7xt>MJiH, 6 
-7xx;u- l -7xt> h 'j;US, 3 -7 x.=-;U- 1 
-7xt> h jug, 

[001 3] 4-7^^07x^-11/1, 3-7Jl/t07 

x^-jH, 2-7J^P7x^;H t 4-^on7xx 



(4) #^2 0 0 3 - 3 6 9 7 8 
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JUS, 3-^DP7x^JH 4 2-^UD7x^JH. 
4 -^P^7x^ 2 -^0-^7 xXJUg, 4-^7 

dp-1-^7^;US, 4 - ^pp- 2 -t7?-;ug, 
6-7^-2 -^7^;Ug, 2. 3-ty7;U^P7x 
x;Ug, 2, 4 -^7JbtP7 xx;Ug, 2, b-i>v 
WP7x^jH, 2. 6-y7WP7x^H 4 
3. 4-^7Jl/tn7x^jH, 3, 5-^7jU^-P7 
x^.;H k 2, 3-y^PP7x^H, 2, 4-y^ 
PP7x^H, 2, 5-y^PP7x^H 1 3. 4 

10 -^^PP7x^H, 3, 5-^^PP7x^JH t 
2. 5-^:/P*7xx;Ug, 2, 4. 6-hU^PP 
7x^H, 2, 4-^^PP-l-t7f;H k 1, 
6->^PP-2-:f7^Ug, 
[00 1 4] 2 -7;U*P-4 -^JU7 x^JUg, 2 
-7;U*P-5-^JU7xx;ug, 3-7;U^p-2 
~^U7xx;Ug, 3-7i^a-4-^fib7x^. 
;Ug, 2-^f^-4-7J^P7x^H N 2->? 
;l/-5-7;^P7x^H > 3 -^T-JU-4 -7;U^ 
P7xx;Ug, 2-£PP-4-^JU7x^JUg, 2 

20 -^PP-5-^f^7x^S > 2-^PP~6-^ 
?-;U7x^;Ug v 2-^^;b-3-^PP7x^;H > 
2-^f;l/-4-^PP7x^;H l 3-^PP-4- 
^;U7xx;Ug, 3-^^-4-^PP7x^ 
g, 2-V-PP-4. 6-iy>^;U7x^;US, 2-^ 
h + y-4-7Jl/t07x^JH. 2-7;U^P-4- : 
^h^y7xr-;H, 2-7^P-4-iK77x 
~;Ug, 2-7WP-6-^h+y7x^-JH, 3- 
7;U*P-4-xh*>'7x.=-;Ug, 3-^pp-4- 
^h^y7x^JH t 2-^K7-5-^PP7x^ 

30 JUg v 3-^h^y-6-^PP7x^H, 5-^P 
P-2, 4-^F'ty7x-JH, l-^PP-9- 
7x^>h'JjUg, 3-7WP-9-7xt>hy^ 

g % 7-^PP-9-7xt>F y;Ugfr££^tf&C 

[0015] hbk (i) vmnzitsmcto^x. 

A r , iAr 2 A r 3 <bA r 4 teM^O 

<> »*0<«, -NAr, A r z *$«fc^-NA r 3 A 

t>»B»* /ctt*atfe<D - N - 7 x y f7y--f ;ug£ 

wast or, ^ny>«*. o 

CD7JU*;Ug, 0SR»1 ~ 1 0<D7)l?*is&. h%>^ 
tt&IRK 6 - 1 0 'J - iU»r*B»* fc«£fi& 5 

nTi^r^jr^-N-^^^'v -{jus, -n-7 x s 

^+/^x^;ug, $)^UJ-N-7x y^Ti^-OUg 
J:0K*U<tt. *B». fcO<«, m&Mt 

50 S. R3R»1^4©r^3*^». *SC>tt«t*»6^ 
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i 0(07 v ~>\sMv&m&$>z>MZ&&&£tir:^xi> 

[0016] -NAr, Ar 2 te<fct>'-NArs Ar 4 

-^Jl^/U^Ol^ 3 -^^Jb-N-^JW^'J 10 
S 4 4-^*Jl/-N-*7;l^VU 3-n-7* 
;b-N-*^<!/y 3 - n -^+v;b-N-# 

;U^Vg -OUX. 3 - n-t^f^-N-^J^yij 4 
;US, 3 - n -rv;l/-N-#;U^7'J -OUS, 3, 6 

-2/^^Jl/-N-*JU^!/U JUS. 2 h**>-N 
-#;l/^V'; 3 h^^-N-^^'VU 4 

AMt, 3 -n-^i/il/**^- N-#JU 20 

3- (4' ->^7x^Jl/) - N - iJJVs^V U >f Jl/ 
S, 3- (4' -tert-r/T-JU? x~;U) -N-#A^< 
7»M^S, 3 -i?PP-N-*^^/"J -Ol/g, -N 
-7xy^-!t^x^H, -N-7x/?7y^^^ 
a, 2 - ^ f - N - 7 x / ^ 7 ^«^c 

[0017] *awcc«sHKa; (i) raistisft^ 

[00 18] 
[ft4] 



#13 2003-36978 
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[0019] 
Ut5] 
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[0 02 1] 



30 [fb7] 



(10) $5^)2 0 0 3 - 3 6 9 7 8 




CH 3 



[0 0 2 5 ] 
Ull 1 ] 



30 




[0026] 

[fbi 2] 



(12) #1320 03-36 97 8 

21 • 22 




CH, 30 




A fl - X, (3) 

A r 2 - X 2 (4) 

Ar 3 -X 3 (5) 

A r 4 — X4 (6) 



Ch3#>. X, -X. BAny>I-f4«U, Ar, - [ 0 0 2 9 ] Sfc. W*tf. -«5£ ( 7 ) tiZit 

At. HMMS ( 1 ) so -flS^ (8) -C^3*i4<b^ft. *j«fctf-*a 



(13) 



23 



ftffl 2 0 0 3 - 3 6 9 7 8 
24 



(9) raSft^ft^BJ*. Mit&fyKDft&TVJxfo * So 
(•5;^>Jgj£) S-ttSC<t«:j:Otljfi-rscifc-c#* [ftl 5] 




(7) 



Ar 2 \ 



An 



N-H 



(8) 



H-N 



Ar 4 



N Ar 3 



(9) 



A r 4 W-«K ( 1 ) 4HC****n 

H»5S (3) - (7) ccfci^r, x, -x B »Apy> 

B^fcllU »*0<W\ SBRIS^ Sfl^*/ctt3 
[0 0 3 0 ] flAWS***^*. iiS, -*t<D*ffiP«fl 

mmmtt & £*rr * Eaa Away*** J: z>*/ * fc 

r*4. ^*JBccififfl-rs{b^B©jE?LitA« 
#6, IJLWiSiaftltectO'/S/c^K^aAtRftE, m^ifi 

g*> j: v*^ a A»ayB©ffij&<D» «ria w * c ^sumr* 

©$/&<!: -T£C<t4>rt£ 0 *fc, IE 
[0 0 3 1 ] *»93©«««»«*«^«:*jc>r . -A3 

a ( i ) -casti-Mb^tttt. iE?LaA»ai^*j<i:c/ 

fttJRTfcte^Ttt. -MS; ( i ) rs^nsft^ft 
tt. Wtrttffll/cfcJ:^ *SC»ttffiRflWBUrfcJ: 

[0 0 3 2] **?|OW««lf**«^>*R!Ei Or 



tt, ^cKB5£*r^fe©r««c<, mUZ, (A) PI®/ 
E^L^WaaB/RiW/W^ffiAlftaiJB/BEfia*^ 

20 ( b ) mm/iEnitxmmm/^m/mm 

mm* (S2). ( c ) Wi&/&ftm/m*-&AWimm 
/mwLfh* (H3) v (d) »ffi/#yfejB/»ffiS!3R 
^ (04) &£**tf£c<L#r**. zh<<m. 
mzn*&\Wi^v&fr&A,tm<Dm*v&2> (e> 

Hfi/iE?LaAttiiJB/aTttA8iailB/*5eJB/*^ 

&AIHiHH/mSM^ (05) iT^citrtSo 
(D) Mco^T-^/Si ur«, Stt^^-l«it- 

tea, mi*, (f) iE?LaAiftaME». jwt«»*5«t 
30 c;m^ffiAiftai)ss»*ia^s*fc-B»«^-»©*« 

P^c$ft3i+/c^<D^ (06) . (G).iE?LaAtaai 
Bfcl^SttfcSflMR^ (07) , (H) »*fiJE»fcJ: 

HKaWSttfcfi©** <H8) 
[0 0 3 3] ^aWOWHSSiftjtJR^B, Ztih<D% 

*mm<mhi><D~c\m< . zti^tKomomwcb^ 

r, IE?LftA^iili, S^-ttA»aS»«:ffl»ffl 

*3R^©t»fiJEW. (A)SS*^-. (B)SaJR^ (E) 
SSJfrf. (F) SSt?-*fc» (G) S^rAO. 3 6 
fcHFSKB. (A)fflSR^ (B) SS***fctt 
(G) 8l#FC*4. 

[0 0 3 4] ^ffeBjjo^SWffe**^ bt« t P'J* 
tf. (0 1 ) icflW (A) »ffi/iE?L^lftaSB/*# 

so H/a^ffiAfftaiB/ttffiS!«^«coor»wrs. 



(14) 
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25 



26 



(0 1 ) tcfc^T, 1BS«> 2 BBS. 3BIE?l?iA 

h SI?, jSW'fe'? 5 s> *?Z$>Z>MXCtlh&1&fr 10 
& 0 IBc, WAtf, ^77-7 -i^^-JK, fe 

[0 03 5 ] M&2 t OTB, it«W{±*KI»©*#C> 

B, SR. iB, a^OUK 

^*7^A, A't^^A, £>yxir>, M<U8, 8Mb 
ffilS, I TO • ?w > • K) , # 20 

cnt>o«ffi^SB, #»rc<^orfcJ:<, 
Bl«jir*orfej:< . *si*B^JB«*r*^TfcJ: 

C\ Bffi(D^- h^atSCiB, »*0<B, SSQ/D 
WT\ £W£b<B. 5^5 OQ/DfiKCcHjrf 

HBMc. 5-1 0 00 nmIg. «fcO»*0<B, 30 
10-5 0 0 nmHSCCt£S-r£o 
[0 0 3 6 ] iE?LffiAi»2S»3B, »ffia>e>©IE?L (* 
-JU) (0ttA«rS^tc-r*«fl6. fc<£0^A3tt/cIE?l 

attAioanB. hmsg ( i ) -ca*3fta<fc£ttfc<fctf 
tF7v'>m ^^)i^>mmw, t7*/»;>B» 

ft, ^7>i§>gft, #'J7 x^U>t^U>*>cfci>' 40 

N- t^JU^JU^'V-^^ft^iO *i!>&< ££l@ 
ffl^rjf5«-rSC<!:^-C*-5. ft, iE?iaAfftiSt»fiE* 

B. iEftttAlflSWtcHHS; ( 1 ) vmti&it&to* 
[ 0 0 3 7] **«Ccte^rffl^&ffe©IE?LffiA«rjS« 

ffe*ST*lt£*»<tLTB, h yry-Ji/r 5>w»(* 

(W;LB. 4, 4' -b'X [N-7x^-N- (4" 50 



7^) t'7x^ 4, 4' -t' 
X (N-7x^;U-N- (3" -^^l/7x^) 7 5 
y] t'7^Jk 4. 4" -tTX (N-7x^b-N- 
(3" F + V7x^l/) 7 5-/) t'7x^Jk 4. 
4' -t'X x^;l/-N~ (1" -^7^JU) 7 

5y) t7^JK 3. 3' -i^*;l/-4, 4' -t' 
X (N-7^Jb-N- (3" -y*JU7*-Jl>) 75 
y) t'7^ik 1 , (4' -[ N, N-v 

(4" -^^7x^1/) 7^] 7^iH v^P^ 

9, 1 0-t'X CN- (4' ->f^7x^ 
)l) -N- (4" -n -^^;U7x^JU) 7 5^) 7x 
t>hU>, 3, 8-t'X(N. x~JU7 5 

y) -6 -7x^1/7 > h 'Jy>, 4-^^-JU- 
N. N-tTX (4" . 4" ' -t'X[ N' . N' -i? 
(4 ~^^;l^7x^Jl/) 75^] 4 - 4 

;10 7^'J>, N, N' -t'X [4~ (^7x^1/7$ 
y) 7x^;H -N, N' -^7x^-1, 3-^7 
5y^>-te*>> N, N" - fc'X [4- (^7x^7 5 
y) 7x^Jb) ~N, N' -i/7x^k 1 , 4-^7 
$y«^>-fe'>, 5, 5" - t^ (4 - (t'X[ 
;l/7x^Jl/] 7^^) 7x^1/) -2, 2' : 5' , 
2" -^^t7x>, 1 , 3, 5- h'JX (J/7x^ 
;l/7 5 ^) ^>i2>> 4, 4',4"~h';x(N-^ 
J^N^/U-f^U) h'J7x^.^7^> ( 4, 4' , 4" - 
MJX CN - (3 M ' -pf^7x^) -N-7x^ 
;U7^^D h-;7x^Jb7^>, 4, 4' . 4" - MJ 
X CN, N-t'X(4"' -tert-^^JUfcT7x^;U- 

4" " - >f ;u) 75 y) h >j7x^7^>, l , 3, 
5-h , JXCN-(4' -it? *^)17 1 

-N~7x^l/7i -^>-fe'>^i) , ^'J^7x 

>fccl: * ©Sf 31ft . * u - N - tr ^ ;v ^7 ;u ^' V- >im 

[0 0 3 8] — «a ( i ) r*sna<b^*<tft©iE?L- 
aAiaa«iffi*#-r*^^«9«:flfffl"rsai^. jeii&a 
ffimmwc&&>z-M& ( i ) v$i2tiz>it&fa<o#i& 

Bv Jff*U<B. 0. lSS%tl±, «fc9#SO<B, 
0. 1-9 9. 9mS%SS, 3 6iCH*L<B, 1~ 
9 9ffl««g*. «fCCff*L<B, 5-95SS%fIS 

[0 0 3 9] #65teS4 B. jEfttocfctf^OttASMfi. 

56HB, ( 1 ) "CRSha^^tei^/SfeB 

ft, +t^'JF>Sift 

ft, ^ai5?siR{b^ft (W^tf. ji/^u>, 7>h^-fe 

^>^7x^l/y^P^>^^>, 9, 10-^ 
7x^7>h7-fe>, 9, 10-t'X (7x^Jbif 
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.rjl/) 7> 1, 4-^(9' -x^xjUT 

>h7-fe^JU) ^>-t2>, 4, 4' -b'X (9" -x* 
xjU7> h7t^) b'7*x;lO , MJ7»J-JU7 5 
>9t$ft tWAtf. iETLaAlftSiaffii^^fk^fti 

JSftCWii*. (8-t-/^5-F) 7Jl^x 

ex ( i o-^>7[h] *y »; y^- h) 

^ A, 2- (2' - b FP^>7x^.Jl/) ?<>7aMrtJ" 
7-JKDMIfl*. 2- (2' -tFP^^W^ 
>7*7 7-;l/©ffiiflttL 4-bFO+J/7i"jy>© 10 
®$8*S> 3-tFa^^7 7#>©liS^ 5-bKO 

1, 4. 4-rh77x^l/-l, 3-:/£^x> v 
4, 4' -b'X (2, 2-5^7 xx^e 

H, t 4, 4' -b*X[ (1, 1, 2 - h »J 7^Jb) X 
fxjl/] b*7*x;lO . 

[0 04 0 ] ^7'J>ii($(m«> £VJ>1, 9 
vU>6> £v»J>7. ^VJ>30 > ^*7'J>10 
6. ^7U>138, ^VJ>15 1. ^7>J>15 20 

2. £vi>>153, ^v'J>3 0 7 > ^v'J>31 
l v ^7'J>3 14, ^7>J>3 34, ^7'J>33 
8, ^7>J>343 1 ^7«;>5 0 0h t"7>SS3W* 

DCM1, DCM2K **^7>R3W* 

ft, e?^>KWft> NSSiXf^ift 

ft, #iJ7;U*U>fc<tC;*©K3»ft. ^V7xXU> 30 

tr^.i/>teJ:^a)R2fft, * ! ; e? *xu>exu> 
fcct coR^ft, 7pj^-7x^i^>t'^i/>fcJ:c/ 
eoRSIft, ^'Jt7fu>t^u>fcJ:^ii 

ft v ^iJ^xxu>t'xU>4o^O'^CDil^ft^^) 

[0 04 1 ] *«W©W««»«** : F : «:te^t 56 
jfcHfcHKS; ( i ) r«3tiSffc^W*d#b , c^*c 
HttSt (l ) ms*i£{b£l»<tffi©ffe 

shks; ( i ) r»3ft4ft£*©itett. »* u< 40 
t* t 0. 001-99. 9 9 9s*%fiaccsBSi-rs. 

[0 04 2] *«WCCtel>rfflt*5ffi©»36«lft*W'S" 
4{t^ft<kUrtt. ^W5fr*»l<t^», 8#te««£B 
§§ft#<£9£?£U> 0 W*tf, 0. AppT. Phys., 65, 36 
10 (1989) . #M¥5 - 2 1 4 3 3 2#^««cE»©J: 
}<c, YV&fobVX Mt£W ( F->*> 

h) ££9*MT5t£fcr**. -flftK (1) 

scife-cts. -«a (i) -c«sn4{t^**. * 50 



i>. HttiC ( 1 ) r*3tisfb^»cc*Hy 

t 4 f6©»*«jBt*r*{b^«:. W*U<tt. 0. 
00 1-402S%H£> J:9#£l.<tf> 0. 01- 

3osa%es, s o<«, o. i-2oms 
[0043] -«« ( i ) r*3*i6{t£»<fcflMrra 

WiLtf, ;U7U>. 7>F7-bX rF7^> ( b' 

fF77x^l/'>^D^>^yx> s ^>^7x^k> 
*P^>*^X>, 9, 10-^7x^7>F7-fe 
9. 1 0-fcTX (7xx;l/X^x;U) 7>b5-fe 
1, 4 -t^X (9' -x?-x;l/7>h5-fex;U) ^ 
4, 4' -b'X (9" -x?~)l>7 > h 

*#JWb^tt«*ttTtt«orfcJ:<, **i*M»Rtt 
[0044] ( i) -c^snsfb^ia*, h 

^ «*ttW«^as»ftcc»ur . HteS ( i ) -cas 

ft£lb£tl£. »*U<«. 0. 0 0 1-4 0SS%*1 
g, £DW£L<«, 0. 0 1 -3 0W.&%^&, 2 6 

tc»*u<«, o. 1-2 osa%iiS{^ffl-r^ e 
[0045] ( i ) -c*sns^»<t»ffl-r s 

WMfeBW#4 0X«, fflitf. (a) - — 

(c) rasti*»*tt*»r^3-->Aiif**w* 
[fbi 6] 

(Qh-AI (a) 

[fbi7] 

(Q) 2 -AI-0-L (b) 

6-24 <D^b*SRS4*-r > 

Mfcl 8] 

(Q) 2 -AhO-AI— (Q) 2 (c) 
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[0 04 6] »#tt»«&«£#©*ttW£ m 
Atf, h 'M (8-*-/ »J Xy~ h) 7;l/5 ~^A, b 
fJX (4 8-^^'J/7-h) ~0 

A, MJX (5-yfJb-8- + /yV7-h) 7^; 

~^a, hyx(3, 4-yy*;i'-8- + >y/5- 
h) 7ju^^a, mx (4, 5-^*^-8-* 

JU-8-*y yy?- h) TJU^^^A. 
[0 04 7 ] ex (2 8 -*y U ^7- h) 
(7xy7-MTi^»)A > ex (2 -^^;l/-8 10 

- + yyy-7-h) ( 2 -y^U?* ^7- h) 7)1$ 
~^A % ex (2-^*^-8 - + ✓ (3 
->^7x/7- h) 7^-^ A, b'X(2-^ 
;U-8-*yyy^-h) (4-^f;^xy7-F) 
7^/5-^ A. ex (2-J?)l-8-*S V 

b) (2-7x^7*y7-h) r^^'JA, 
(2-^?yU-8-*y 'Jxy- >) (3-^x^;U7 
h) 7^5^-^A, tfX (2 ~^^;U-8- + 
yj/7-h) (4 -7^Jl/7x;7- h) 7Jl>5~ 
^7A V t'X (2-^7 c ^-8-^y;y^-h) (2. 20 
3-^^7xy7-F) 7il/^-)A, ex(2- 
^fJk8-^/y^7-h) (2, 6 -i^^Uy * 
/7-h ) 7;u^^7 A, ex (2 -x^iz-s 

'jy^-h) (3, 4-^^^^7xy7-F) 7^; 
^£A, (2-^?Jl/-8-t/'J/7-n 

(3, 5-y^?^7xy7-h) TiR^^A, b'X 

(2-^W-8-^/U^7-h) (3, 
rt-^?-^7*y7- h) 7^3 -3 A, ex(2->* 
*Jl/- 8 V h) (2, 6-^x^7* 

y^h)7;V5^A, b*X (2-^7 t JU-8 30 
yy-7-h) (2, 4, 6 - h ij7x^7x/7- 

h) 7jus^9a, ex (2 -^;i/-8 y >7 

-h) (2, 4. 6 - h y^fJl/7x77- h) 7;l/5 
~£A k ex (2-^7 c ;U-8-*y 'J/^-F) 
(2, 4, 5, 6-fF7^^7xy7-F)riR 
~?A, t'X(2-^f^-8-t/'i/7-n (1 
-t7h7-h)7^;^«)A 1 b'X (2 -^;l/-8 

- + ^'J>7-F) (2 -^7 F7- h) 7^^ 
A, fx (2, 4-^^f;l/-8- + >"J^7-F) 

(2-7x^7x/7-l^) 7i^^A v t'X 40 
(2, 4-^^-8- + 7'jy7-h) (3-7x 
^l/7x77-h) Ti^^'vA, b'X (2, 
?)l-8 S^-b) (4-7x^7x^7- 

h) TJl/S^A, ex (2. 4 -^t^u-s -*y 
VSy-b) (3, 5-^^W7xy7-h) 
~^A. ex (2. 4-*Jjt?-)i,-8-*S *) Sy- 
b) (3. 5 -2/-tert-^Jb7*y 7- h) 7;l^ 
~^A, 

[0048] ex (2-^7 c -Jl/-8- + ^y> r ^-h) 
7^5-^A-jU-^ + V-eX (2-^^^-8-4 50 
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yyy-5— h) 7^5-fA, ex (2, 4->>y?yu 
-8 - + y y y^-~ H 7^5-^A- ju - y- e 

X (2, 4 ~^X^;U-8 -*y »J/7- h) 7Jl/5^ 
•)A, t7 (2-^^Jl/-4-xfil/-8-^/'jy7 

4-x^-8-*y yyy-h) 7;i/5~^A, ex 

(2 -y^;l/-4-> h*^-8 »J h) 7 

ji/^OA-/i ~^^v-ex (2-^^;U-4-^ h 
^-S-^/'V^-hjTJl/^^A, b'X ( 2 - 
^^^-5-^7^-8- + ^»J^7-h) 7)l$~0 

A-M-^^v-ex (2-^7 c ;u-5-^7y-8- 
+ yj/7-h) 7^^ r )A 1 ex(2-y?yu-5 

- b VV )i>*VJ - 8 -*r S V s 5 - b) 7)IZ~ 

^A-y-**y-ex (2~^^;u-5- hyyjut 
p^*;t>-8-*y y xy-IO 

[0049] »mAtfcs*JB 5 mm* hOM^ViZ 

iiccffiffl § ti & *f a a«33M8 z its® tbx 

tt v WAtf. W«&«IS# CW*tf* MJX (8-*y 
>jy 7 -h) 7JUS-2A, ex (1 0-^>V'[h] * 
^'J^7-h) ^'jyfA, 5 -b KP=^>y y#>£> 
^yy^AS, 5-t FPt^77^>©7JK^ , )A 
, *+^7!/-;uRz»# tmtf, i, 3 -ex 
[ 5' - ( p - tert-y^U:? -1, 3. 4- 

***^7!/-^-2' --Y;U]^>^>), MJ7'/ 
~)imm& CWI*«> 3- (4* -tert-y^^y 
rtO -4-7x^-5 - (4" -t'7x^b) -1. 

2, Fy75/>»3«* % ^y u> 

[ 0 0 5 0 ] Pig 6 t bX&, th«Wtt*H»©^3C^ 

y^^A, y^^A-^>^^A^. 7- 

F-y^A, th'J^A-^'J^A^, iihis^U, v 
^^>^A, 7^5/^-9^ V^^tx^A-^ 
>^^7A^, -f>^^A k ;lr^^A, ?-^^yA, 
v>*/>, ^7hy)A, 7;i/^^^A. 7;u^-=-^a 

-y^^A^, 7Jl/5~^A-*;;l^A£#, 7^U 

^^A-7>/^^'H^ ^77 7^11?^ 
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I/O. MM>Jf#tt. *wr««Hfc»OWWctJ:4 
HttCC. 5-1 0 0 0 nmIS, <tO»*l/<B, 
1 0 - 5 0 0 n mgaccSSflE-T S. fS). WJHHW^tc^ 
T(O^7 , c:^^^<^0tti*r/ca?)CC, »ffi*fcBfiffi© 

aw? * u < . -«kc , 36©a 7 o %w± t & io 

B, *©4>&< — fia»SR*x>**~ 

^W^tt^UK -13iB!**x>**-<tl, 
-CB, «fCC|SSTSt><DTB«C<. ffifctf. ;u7u>, 
x ^ <2r;HSf* % 5/7 x x;u y ■<> 7 7 5 > fc t* &mi 

fc<DrB&0#, W*l/<B. »*Jl*/cBE?LaAli) 20 

jETLaAttaw^cc^-ccaws-a- 

T*>J:<, E?LttA»3W<t«SE-r*JB 

#TfcJ:l>. — S^B**x>^ + ~(D£*S<h l/T 
B, d*3ti«H EJLttAlliaJi) SrtitefcT 

01-50SM%, »*0<B, 0. 0 
5-3 0M%, <fc9»*L<tt, 0. l-20ffiS% 

[0 0 5 2 ] lEftaAMKSJB. flSmMftSai 
flWBfiWjtttcHLrB, »WRST*4>©r«ft<, « 

£JB*JfW*«te. JtaS»a>*ttB. »(cffi3£^4 
t>©TtttClr>#. 1 0" 5 TorreflfWTOJtaTT, 5 
0-60 0 ■CHttOtf- (3>aMB»ft) .-50 40 

-3 0 0 'CflgCDStEfiK-C, 0. 005-50nm/ 
s e cfIS©^«3lS"C3lffl-rSC<5:^»*0O, CCD 
OL&ASiwigii, &#J1. WFffiA»a9EW0>« 
hb, kstt. aitti/r^jssrscitcto. Mtttt 

[0 0 5 3] 8ffife«S(C J: 0 . 50 



;u#;u^v~Jk #»;7yu-K #yx*u>. 
xxfJk #»J5/n*U">, #!M*;b7* U k 
#iM^n^22 'J u- K #';x-7-;k 
*- K ^'J7; K, K. #'J7S K-f 5 h\ 

jJOJ/^ + S/UX ^'Jif #'jx*-l/>x— ? 

K, ^'jx-r;UX;U7*>, #'J7x»j>fcJ:cH-<0 

[0 0 5 4] fcft&ffiifefccfcO. 4 

93&#«&«K ^**>. ^^^>, 

■f^V, hiWx>. +^>U>, x^;U^>Hf>, l-^ 

^. ft8r^H©i^f«, mil 

^'pyNy-Jl/. T^y-Jk -^>^^ 

FP77>, J/***>, rxy-;l/«pox-f"JHgjg 

[0 0 5 5]^ ftfttfZlT&t WK|R3&f 5 

S-TSC4^t?#. -«CCB. 0. l-5 0Sfi%g 

»*o<b. i -3 omm%ffl&<D : ®mm.'Cfo 

BBUTB. 1#«:ES-rSfc©'CB€cl^. -«CCtt. § 



£fc». zisfoommicmsx) . 5-99. 9n&% 

fig. 57*1/ <B, 1 0^9 9fifi%gg, J:9#*U 
<tt, 15-9 01i%ggr^fl)o 
[0 0 5 6] IE?UiAtftatJB> **H. *mMft3SJB 

OC, 5nm-5*imatt«CK3eTSC<t**»*l/l>. 

■rs@m\ sen («±») «raac-tfco. ttcm* 
- # >»«t fo^nsttwn *«c*t a 0 r^a-r act* 

f\ #im s f\ #^75 fv s f\ #y^7*s/u 
#'jifu>, **'J y *-u>tf*iM F) > JKM 

«sye»tt*f7^. £RBMMa. &RS<b«j> £S 20 

[0 0 5 8 ]^/c *ffifcSBMiOT. £H 
WtilB <W*.tf. Mfb7;i>5-$A«) , ^H^WblR 

>) > *-#>*6J«&JHffli CPRM) *RW5Ci 
BL 7>*x7/jft8ib*SR. *&C»tt^X 

[0059] ^awowawjajejRT- b 
^ Eian«Ett. h»&c 2-3ovfia*c*s. 

[0060] 

J?3 2 0 0 nm<D 1 TOjSTO^ffi (»fii) £?tf 
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XlII:^ .*tt8feS«L 7-feF>. x^-J^ffi^tS 

fC@Sl/fc*& Sffll*3x 1 0 - 6 TorrfCjJjtEO/c. 
ST. I TOj89B*S±K:. «m^««#2©{b^» 
3K*»fi0. 2nm/seCC75nm©I3(Cl 

X (8-*>"J-/^- F) 7^ 5 

0. 2nm/sec"C50nm©S$iClil % 

<hl/T, vy*^A<bffl£li#i§g0. 2nm/se 
cr2 0 0 nm©)»3«:ftSII (SHtl 0 : 1 ) bX 

iw*j6«wii»«EtEP»o- sou- «a»»Ha 

T, 1 OmA/cm 2 ©5E«SSt*KritSW8lbSl*fc. 
fiJJWtCtt. 6. 5V. *IS4 8 0 c d/m 2 

[0 0 6 1 ] H»J2-1 0 

^{b^»##2<D^b^«:ffiffl-rSt^60*C 1 mtfiitS 

msm&oiiG® (*ftffi2) , ^{t^#-^i 20 
fb^ (H*«3) . «5%{b^«»#i 6©<b6« (* 

J6«4) , ^ft^t?^ 2 0 CDft^ (*J6W5) , 

#^•25 oit&wi mmm i ) > «s*f b£***t 3 2 © 
(mums) , -7 3 6 (oit^ji (m 

tm\9 ) , Wn{b£*J#sf3 9©{b^« 1 0 ) 

tftfflOfceWtt, 3l«iWltciBKo*ffi«:<fc0Wffla 

fc. 

[0 0 6 2 ] JtRWl-3 

30fcWl«c*Jt»r. iE?iaAlft2!ll©»J5KCc|»lyr. M 
^b^ft»#2C!Mb^»%fl6ffl"r4f^t>«9tC, 4.4' 
-trx (N-7x^Jb-N- (3" -y^7x^K 
7$^) b'7x^;b (JtKWl) . 2, 5-b'X(4' 
-[ N-7x^l/-N- (2" 7^] 7 

-3, 4-^x^i/ft7i> (tbi&W 
2), 2, 5-t'X(4' -[N-^x^;U-N- 
(4" -7x^7x^) 7^^] -3, 

[0 0 6 3] 
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(50t) 


(5 or) 

( h r ) 


n& 

Cc d/mM 


(V) 


%KW 2 


4 5 0 


6 . 7 


7 6 0 


SttM3 


4 6 0 


6 . 8 


7 8 0 




4 8 0 


8 . 6 


7 6 0 


*ftfl6 


4 6 0 


B . 8 


8 0 0 ! 




4 7 0 


6 . 7 


7 6 0 


*S0*7 


4 5 0 


6. 8 


7 5 0 


$£0*8 


4 6 0 


6. 4 


7 8 0 




4 7 0 


5. 5 


7 6 0 


10 


4 5 0 


6. 5 


7 8 0 




3 0 0 


6 . 6 


6 




4 2 0 


6. 5 


1 5 0 


&««3 


4 3 0 


8. 5 


1 8 0 



[0 0 6 4] mnan i i 

2 0 0 nraCDI T08W«fi (»ffi> £#5 
T-teh>, x^-Jl»^ffi 

tcHSL/d*, 3i*«*3 x l 0" 8 TorrtCjgEEO/c. 30 

*r> iToaw««LBc. (^^-7^>-2, 5 

*^Siiao. lnm/secr, 2 0 n.m 

^It^S^lCDjb^^, ^#iiao. 2nm/s 
ec-e55nraCDil$ Kg?.* L , fgr JE?L;£ At&jSUi i 

h) 7rt/=x^A£, 3MI&EK0. 2nm/sect5 

0. 2nm/sec V 2 0 0 n mOmZlCgMM (fi 40 
Sit 1 0 : 1) LrttffitU ffWUTft%X?£ffM 

&$#BM~R 10mA/cm 2 <D5E«8S?Sffira«il8 
KlStffc. fflMteti, 6. 4V, iS7 7 0 cd/m 2 

©»e©*##WB3ftfc. 1 2 5 oo# 

[0 0 6 5] Xfkffl 1 2 

if 3 2 0 0 n m<0 I T OaWflKB (»«) £WT 
X-2£tg£. *148WK T-teh>. x^y-JU^rffl^r® 50 



sr. iToaw*ffi±tc, 4, 4 f . 4" 

h »; 7 x^;UT ^ >4^3HSK0 . lnm/sec 

fc. ^ci»r % ws{t£^#7©{t£»£;u:/u>4* 

«t&»JW*6. ^»^S0. 2nm/sec-C20 
nin(D»3(c«ill (SSJtl 0:1)0, !ftr.IE?L& 
A»aW**fe/c«3tieiLfc. ^co±Cc, h 

0. 2nm/sect5 0nm(DJI?(Clll v ITS 
AJfft£H<tO/c 0 5 6Cc-e(7)±CC, vn^^i-M 
a»iIS0. 2nm/secr2 0 0 nm©S3K:SI 
S («SJtl 0:1) LTP£@iU WHH^t^T- 

JflU K*i#H§ir, 1 0mA/ cm 2 (DSHSmgr 
afettHgldSit/c. SJWCttt. 6. 2V, SfK6 6 0 cd 
/m 2 (Oft&©»7fe^Sti23*l/c. »K©¥«JW«:l 3 
5 0«FlH'C*ofc. 
[0 0 6 6] Xffcffl 1 3 

»S 2 0 0 nmcoi TOa««« (Pi®) **tf 
^S«4. ^ttiJWJ. T^H>, x£y~;U£ffl(,>Ti@ 
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iToa?s*ffi±«:, #y (^*?*>-2, 5 

-is<<)l) fcafctiiSO. 1 nm/s e 2 Onm 
©WSCcSMH,, »-iE?LffiAtt2i»4 0fc. ffittf* 
rtaETKRLfcSL W«3X 1 0* 8 TorrCC 
SEUc 0 #t>T\ WSfb^ftWl Q<D{tgtot)V7 
U>£, mt£ZW3£Wfr%* 2nra/se 
cr5 5nm©«(cSSf (Sfitt 1 0 : 1 ) U SB 

o/c**. 5Kt>r, *©±K1, MJX (8- + /'J/7 
- h) 7JU5-$A*JI!aKlK0. 2nm/sect5 
OnmCOffStcaaiL. «^ttAHia»iLte. «E« 
•fcftofc**, £6GC-e©_LCC v#**s$J*ttil 
&. &*SS0. 2 nm/s e c-C2 0 0nm©«S«: 

(Sfitbl 0:1) l/t»ffi£U 
JIW-tfHKbfc. fP«Lfc*««IH6**' : ?-«:itSBta 
4HttnL, ia»»a»T, 10mA/cm 2 ©SSiffiffi 

&vmmm2i*tco vmw*. e. 2v, *?g64o 

cd/m 2 ©Jte©l6##lIS8Shfc. »K©¥i»Wtt 20 
1 5 5 0WC*o/c. 
[0067] UteW 1 4 
I$2 0 0 nmC7)! TO»9«£ (HIS) 
xS«£> *tt8WL r-febx x^y-;^fflc^i 

fcl@SO/d& ^#ft£3 x 1 0" 0 TorrtCiSElyfc. 
$»£^JFiSK0. lnm/sect 2 0nm©H3{C 

flr$g0. 2 nm/s e ct5 5 n m ©JP £ CC^SJf 

7-h) rJl/^*)A^IfiiaO. 2nm/secT* 
5 0nm©«3fc».#U *^ttA»SIH<5: Ofc. 5 6 
K*©±te\ ^.aaSO. 2nm 

/sect2OOnm0S36Cft».f (ftBtbl 0 : 

i) oxmmtb. *«*»»**^4ft»ufc. ft, 

T\ 1 OmA/cm 2 ©S«8fcSSrilttli«lSlt?c D 
WWtC«. 6. IV. lSJS6 5 0 cd/m 2 ©*&©#& 

ae^itBsn/c «s©*iia8» 1 6 o oisih-c*-* 

[0 0 6 8 ] ^JfiW 1 5 

jl£2 0 0 nra©l TOSWSfi (PIS) **trS#7 

xsts£, *tt^y. r-feh>, x*y-jb*flic»ra 
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«CH5ELfca, ItM3x 10"/ TorrfCBEOfc. 
s-r, I TOMW^ffi±tC, WKfb^S^l 9©{b£ 
^JfilJgO. 2nin/secr55nm(DgJiC 

»»u iE?LiiAl&atH<fci/fc. aor. -e©±oc, h 
rji/S-^AtfflfiWb^lft 

l©fb£1»*. &*SK0. 2nm/secT4 
0nm©«3K#»» (Mtfcb 1 0 : 1) U ^TcJfct 

^A£. ^#iSg0. 2 nm/s e ct3 0 nm©)¥ 3 

^V^AijRS:, &*8ffi0. 2nm/secC2 0 
OnmOHStc^f (fifitbl 0:1) OTItSi 

^^«cB*«E*EnlinU. ttj»#H»T, 10mA/ 
cm 2 ©S«tttKraMKM3«A:. fflJWfctt, 6. 
2 V, SIS 6 7 0 c d/m 2 ©»ft©»***ilBStl 
/Co »tt©*«)W» 1 9 0 0B#r B ir^o/c 0 
[0069] *JfcW 1 6 

J5$ 2 0 0 nm© I TOiMWitt (PBS) **tf 
Xg«£> *ttj5WL T-feh>, xV-Jl»tg 
W«fti*i/fc. *©»«4ffiR//x*fflc>rfttti/, 5 

6CCUV/*!/>8fei*Lfc. -ACC, ITOaWWLh 
CC, tftlrt-tf*- h (fifi¥l^^-S5 0 0 0 0) , 
<ttfij^ib£tl#-*f 1 0©lb^l£. SfiJt 10 0:50 
©fU-ST £ 6 3 ^ 2 O P x 5? ffll ^ 

r ^ y^a- hffiCcJ: 0, 4 0 n m©IE?LaAflii^ 
iiL/c. ^CC, C©iE?LaAfll^ll^WT^^ : 5'^a 
3K«»a©S**^^«cH5EO/c» k ^*ffl«: 
3X 1 0" 6 TorKCMEL/c 0 ^^"C, -e©±CC, h U 
X (8-*>"J^-b) T^^-'JA*, ^SilS 
0. 2nra/secr5 0nm©S3K:g,tU ST-ffi 

Cc/v^^->^A<i:iM^E*ak0. 2nm/secT 
20 0nmOS3«:«St (SStbl 0:1) OTIftffi 

^R^tc, K«»iBaT. 1 0 V©E&mE^£PU0U 
/ciC5, 9 5mA/cm 2 ^Ii&Wc D i^Sl2 
00 cd/m 2 ©»fe©*3t**«g23n/c B )SS©¥M 
ftg«3 8 0^HT*^/c. 

[0070] %mm i 7 

if 52 0 Onm© I TO^li (Kffi) ^W^^^'^ 
*ttj5WJ, T-feh>, x^-/-;l/4ffll^riB 
^iftSU/c. *©S««:S3R^^*ffl^r?£*»0. ^ 
6«CUV/*!/>*»Lfc. ««c. lTOa«*«± 

oc, ^y^^i/^^^yu-h (H¥^i2 5 0 
0 0), W7Sjb^«J»#2 6 ©jb^ft. h y ^ ( 8 - * 

j i) h) rii/^^^A*, ^ti^timmtt i o 

0:50:0. 5©«^SflTS311%^^PPi 

*>»iR*flac>r. r ^ ^^3- ioon 
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1^3X10" 0 Torr«:il£El/fc. 5 6iC. £ftH©± 
(C, -7?*i>"? Ail8£fttfj§fi0. 2nm/sect 
2 0 0 n m©Jf (Sfitb 10:1) 

IKfcJRTtC. f£«#HSiT. 1 5 V©itflitmE£EPfl|]L 
fciC6. 8 0 mA/ cm 2 ©fcitoPifctlfc. »K7 0 
0cd/m ! <DW&<D§g/t1>mm2tltc. »S©*«KB 
W4 8 OBWC&o/c. 10 
[0 0 7 1 ] 

n**^s<- w^tt 

fc. 

[0B©f8*&i8W] 

[01 ] WflWfEISia**^©— wowbsuksh-c**. 
[02] WWSffl^JR-T-®— W©««fltJSBr*S. 

[@3] flasff***^©— w©«w«aHT? as. * 
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[04] WW8IKS33l6*^©-«©«IS»Jiiar*5. 
[05] %ffimft&%:M*<0-W(D®K&W'Mmv$>Z>. 
[06] ff«*|f»*3R-T-0-W©tW5flB6BI , C*S. 
[07 ] M^%n^%^<0-moWm^WChi>. 
[08] ff«*ISi«*3R-T-©— t«©R«lflliiiat?*S. 
[ 

1 :WSL 

2 : Pi® 

3 : jETmxm^m 

3 a : EJlti&Mj&Sia 

4 : HftH 

4 a : IfcJfcJ&fl- 

5 : ?&-&A®m 
5" :*F-aA*Ai8Jl 

5 a : m^&Afa&f&ft 

6 : 

7 : HAS 



[01 ] 



[02] 




[03] 





[04] 




[05] 
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[07] [08] 




(72)»PJ;# EES W (72)»W# S;2 

WW* frilMiSM 580* 32 H#ft33* ^?SJlfMr1igffl58C#32 H#<t^ft 

(72)^^ BBiZl F£-A(##) 3K007 AB02 AB04 AB11 CA01 CB01 

^»tt*?fTf?S»580S32 =#{139* DAO1DB03EB00 



